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I. Real Party in Interest 

The real parties in interest are The United States of America as represented by the 
Secretary of Agriculture as recorded on reel/frame 012662/0902 recorded on May 6, 2002 and 
Kellogg Company as recorded on reel/frame 0132001/0288 recorded on August 19, 2002. This 
appeal brief is being filed on authorization from both real parties in interest. 
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Related appeals and interferences 

There are no related appeals or interferences. 
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III. Status of claims 

Claims 1-3, 6 and 8-51 remain in the application, claims 4, 5 and 7 have been cancelled. 
Claims 13-33 and 36-51 have been withdrawn from consideration. Claims 1-3, 8-12, 34 and 35 
have been finally rejected and are the subject of this appeal. Claim 6 has not been rejected by the 
Examiner, thus it is not part of this appeal. Applicants assume that claim 6 is allowable if 
rewritten in independent form to incorporate all the limitations of independent claim 1 and claim 
6. 
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IV. Status of amendments 

All amendments have been entered and are reflected in the claims in the claims appendix. 
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V. Summary of claimed subject matter 

The present invention is directed to a cooked buoyant whole grain waxy wheat product. 
For a general description see the specification at the following: page 1, lines 3-10; page 5, lines 
21-26; page 7, lines 16-19; page 10, lines 14-18; page 11, lines 15-24; and page 13, lines 1-4. 
Preferably the whole grain waxy wheat product comprises less than about 10% amylose starch. 
See page 1, lines 3-10; page 8, lines 20-21; and page 9, lines 1-6. The waxy wheat preferably 
has less than 20% protein by weight and more preferably are less than or equal to 14% protein by 
weight. See page 1, lines 3-10 and page 9, lines 1-6. The cooked buoyant whole grain waxy 
wheat is gelatinized throughout. See pages 5, lines 24-28; page 7, lines 20-24; and page 11, lines 
20-24. The whole grain waxy wheat product is storage stable in the absence of additives that 
inhibit rancidity preferably for at least six months and more preferably for at least twelve 
months. See page 1, lines 3-10; page 7, lines 8-13; page 10, line 19 through page 11, line 15; 
and page 16, line 20 through page 17, line 11. The product is either the whole grain kernels or a 
ground whole grain kernel. See pages 7, lines 20-24; page 8, lines 1-7; and page 11, lines 20-24. 
Most preferred is a waxy wheat that is a Wx-Dl null, Wx-Al null, and Wx-Bl null allele. See 
page 9, line 24 through page 10, line 8. Preferably once prepared the waxy wheat product is 
further processed to include an edible coating. See page 15, line 9 through page 16, line 3; and 
page 16, lines 12-19. Whether coated or uncoated the waxy wheat product can then be processed 
into a variety of food forms including cereals, bars, granola, biscuits, crackers, breads, muffins 
and other food forms. See page 14, line 3 through page 15 line 1 1. The waxy wheat product is 
preferably produced by a process wherein the waxy wheat is heated for a period of time of from 
about 5 to about 15 minutes at a temperature of from about 94°C to about 1 10°C with moisture. 
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The heated waxy wheat can then be tempered for a period of time of from about 1 to about 2 
hours, but this step is optional. The waxy wheat is then gelatinized throughout preferably by 
cooking for about 45 to about 90 minutes at a temperature of from 93°C to about 177°C to 
gelatinize the waxy wheat throughout. The gelatinized waxy wheat is then cooled and dried 
preferably to a moisture content from about 10 to about 16%. See examples 1-3, figures 1, 2, 
and page 11, line 20 through page 14, line 2. 
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VI. Grounds of rejection to be reviewed on appeal 

The first ground of rejection is whether claims 34-35 are indefinite for failing to particularly 
point out and distinctly claim the subject matter which applicant regards as the invention under 35 
U.S.C. §112, second paragraph. Second ground of review is whether claims 1-3, 8-12, and 34-35 
are properly rejected under 35 U.S.C. § 103(a) as being unpatentable over Alderman US Pat No. 
2,526,792 in view of Nakamura et al. "reduction of waxy amylose free wheats" and the book 
"Wheat Chemistry and Technology". 
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VII. Argument 

A. Rejection of claims 1-3 and 8-12 under 35 U.S.C § 103(a) based on Alderman 
(US 2,526,792) in view of Nakamura et al. and the book "Wheat Chemistry and Technology". 

The Examiner rejected claims 1-3 and 8-12 under 35 U.S.C. §103(a) based on Alderman in 
view of Nakamura et al. in the book "Wheat Chemistry and Technology". The Examiner relies on 
Alderman as disclosing a cooked-puffed waxy cereal food formed into ready-to-eat cereal foods of 
the breakfast type. The Examiner relies on Nakamura et al. as disclosing the production of waxy 
wheat grains. The Examiner relies on the book as disclosing the protein contents of soft and hard 
wheats. Utilizing the disclosure of Nakamura et al. the Examiner states it would be obvious to use 
waxy wheat to produce the waxy cooked cereal grains disclosed by Alderman. The Examiner 
assumes that when waxy wheat is used it would be obvious that the grains would have the claimed 
allele and amylose content of the present application. The Examiner furthermore states that the 
book discloses that the common range of protein is from 9-15% and thus states it would be 
obvious to utilize a waxy wheat having that protein level. Still referring to the Alderman 
disclosure the Examiner states "Since the cereal product is puffed and it is a ready-to-eat cereal, 
the product is buoyant because cereal floats in liquid. The Alderman product is dried; it is made 
of cereal grain and it is the same type of product as claimed. Thus, it is obvious the product has 
the same storage stability as claimed." 

Rejection of a claim under 35 U.S.C. §103 requires that the Examiner point to some 
teaching, suggestion, or motivation found within the references themselves that would lead one 
of ordinary skill in the art to combine the references and having combined the references to make 
the claimed invention obvious in light of a teaching, suggestion or motivation found within the 
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references themselves. Absent the Examiner's ability to point to such a specific teaching, 
suggestion, or motivation the rejection of the claims under 35 U.S.C. §103 based on a 
combination of references is improper and must be withdrawn. Claim 1 is in independent form 
and states "cooked, buoyant whole grain waxy wheat comprising no more than about 10% 
amylose starch, and less than 20% by weight protein characterized by being gelatinized 
throughout and storage stable in the absence of additives that inhibit development of rancidity for 
at least six months." The product disclosed in Alderman and the process utilized by Alderman 
do not produce the product as claimed in claim 1 of the present application. Specifically, the 
Alderman process does not result in a waxy grain, and certainly not a waxy wheat that is storage 
stable for greater than six months in the absence of additives that inhibit rancidity. In addition, 
the product disclosed in Alderman and produced using the process of Alderman is not a whole 
grain waxy product. Accompanying this Appeal Brief is a declaration under 37 CFR §1.132 
which includes submission of supporting data. The declaration is signed by and the data was 
generated under the direction of Lori Wilson, one of the inventors of the present invention. The 
declaration presents evidence directly comparing a waxy wheat that is processed according to 
Alderman versus one processed according to the present application. The declaration provides 
data that clearly indicates that the two processes produce entirely different products and that the 
product claimed in the present application is different and certainly not obvious in view of the 
product and processes disclosed in Alderman and the other cited references. The data 
specifically disclose that waxy wheat taken through the process of Alderman does not result in a 
whole grain, does not result in complete gelatinization, and that the product produced is not 
storage stable in the absence of additives that inhibit the development of rancidity. 
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The declarant has over twenty years of experience in the area of research and 
development in quality control in cereals and cereal processing at the Kellogg Company. The 
declarant has a BS in food science and human nutrition from Michigan State University. To 
demonstrate that the whole grain waxy wheat of the present invention is different from and not 
obvious based on the disclosure of Alderman, Nakamura et al. and the book the declarant took 
two portions of a whole grain waxy wheat from the same grain lot and origin. One portion was 
treated per example 5 of Alderman, which is the only example wherein he uses a whole grain in 
his process, and the other portion was treated as per the present application. As noted in the 
declaration and is known by ordinary skill in the art in the industry "whole grain" as utilized in 
the present claims is defined as intact kernels of grain or fractions thereof that contain all three 
parts of the whole grain, namely the outer bran, the endosperm, and the germ. 

It is noted in paragraph 6 of the declaration to test the Alderman process 15 pounds of the 
whole grain waxy wheat were combined with 1.31 pounds of sugar, 0.44 pounds of salt, and 5 
pounds of water. The mixture was cooked at 15 pounds per square inch of steam for one hour 
and forty minutes in a rotary cooker at 2.3 rpms. The cooked waxy wheat was then dried at 
250°F for approximately 40-50 minutes to a final moisture of 16. 1%. The cooked waxy wheat 
was then tempered per the Alderman procedure for 24 hours. The cooked and tempered waxy 
wheat was then run through flaking rollers. Finally, the milled, cooked waxy wheat was toasted 
per example 5 of Alderman. The resulting product was then tested for a variety of parameters 
related to claim 1 including the amount of whole grain, the degree of gelatinization, and storage 
stability. 
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The other portion of whole grain waxy wheat was treated as described in paragraph 7 of 
the declaration in accordance with the present application. In a first step 23 pounds of the whole 
grain waxy wheat was placed in a rotary cooker and steamed at 15 pounds per square inch for 15 
minutes at 2.3 rpms. As described in the present application, the steaming process inactivates the 
lipases which are believed to make cooked whole grain waxy wheat unstable and subject to 
rancidity. The steamed whole grain waxy wheat was then bumped by passing it through rollers 
set at 300 mm. The bumping of the uncooked waxy wheat causes small fissures in the bran layer 
but does not remove any of the bran layer. Then 15 pounds of the bumped waxy wheat was 
mixed with a slurry of 1.31 pounds of sugar, 0.44 pounds of salt, and 3.0 pounds of water. The 
fissures allow the slurry to penetrate the whole grain during the cooking process. The mixture 
was cooked in a rotary cooker 15 pounds per square inch, 2.3 rpms for 45 minutes during the 
cooking process the whole grain waxy wheat will tend to become like glue and holds the outer 
bran layer onto the whole grain. The cooked whole grain waxy wheat was then dried at 250°F 
for approximately 20 minutes to a final moisture of 16.4%. Next the warm, dried whole grain 
waxy wheat was roller milled while at a temperature of from 100 - 120°F and then cooled and 
tempered for 24 hours. Roller milling the cooked whole grain waxy wheat while it is warm 
ensures that the starches are at a temperature above their glass transition state so that they are 
plyable and can be formed without shattering. Finally, the tempered whole grain waxy wheat 
was toasted as noted for Alderman. The resulting product was then tested for a variety of 
parameters related to claim 1, including the amount of whole grain, the degree of gelatinization, 
and storage stability. 
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One of the key limitations in claim 1 of the present invention is that the wheat be "a 
whole grain waxy wheat". As noted above, whole grain has a very specific definition in the 
industry and is known to those of ordinary skill in the art to require that all three portions of the 
wheat kernel be present, namely, the outer bran, the endosperm, and the germ. Soluble and 
insoluble fiber of waxy grains is found in the outer layer of the grain, thus measuring the level of 
insoluble and total fiber in a product is commonly used in the industry to determine whether a 
grain is a whole grain or less than whole grain. Such measures of the intactness of the whole 
grain is common and well known to those of ordinary skill in the art. Because both wheats were 
taken from the same source they should produce the same level of insoluble in total fiber 
provided that they both represent whole grain waxy wheat. The product produced according to 
the method of Alderman had an insoluble fiber level of 6.29 weight percent and a total fiber level 
of 9.99 weight percent. By way of contrast, the product as claimed in claim 1 had an insoluble 
fiber level of 10.14 weight percent and a total fiber level of 13.56 weight percent. This data is 
presented in paragraph 8 of the declaration. Thus, the product prepared according to the present 
invention had an insoluble fiber level that was 161% of the value found in the grain according to 
Alderman and a total fiber level that was 135% of the total fiber found within Alderman. 
Clearly, these results demonstrate that the product of the present invention is a whole grain 
whereas Alderman has lost a portion of the outer layer which is where the fiber is found. 

Claim 1 further requires that the whole grain waxy wheat be gelatinized throughout. As 
known to those of ordinary skill in the art the degree of gelatinization can be measured in a 
number of ways including by measuring water solubility, alkali solubility, and by rapid viscosity 
analysis. As known to those of ordinary skill in the art the higher the percentage of water 
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solubility or alkali solubility the greater the degree of gelatinization. The water solubility is 
measured in terms of grams per 100 grams in water. The Alderman product had a value of 18% 
while the product prepared according to the present invention had a value of 23%. The alkali 
solubility of the Alderman product was 50% while the product of the present invention had a 
value of 66%. The viscosity measurements were taken over time as the temperature of the 
solution is varied and can be seen in the attached figure of the declaration throughout the entire 
range of time and temperature the Alderman product had a much higher viscosity which is a 
clear indication that it is less gelatinized in the product as claimed in claim 1 of the present 
invention. The higher degree of water solubility and alkali solubility of the product prepared 
according to the present invention also indicates that the product was more thoroughly 
gelatinized than that of Alderman. These measures for gelatinization are described and discussed 
in paragraphs 9 of the declaration. Those of ordinary skill in the art know how these 
measurements are performed and that they are commonly used to evaluate gelatinization of 
grains. 

Finally, claim 1 requires that the product be stable in the absence of additives that inhibit 
rancidity for at least six months. The data in the specification shows that this is easily achievable 
with the product of the present invention and in fact stability beyond twelve months is also easy 
to achieve. The stability of the Alderman product and the product prepared according to the 
present invention were tested using two protocols and by measuring the head space hexanal use 
of this measurement is described in the specification page 10 3 lines 4-13 and page 21, line 30 
through page 23. Measurement of hexanal levels in headspace are commonly used in the 
industry to detect rancidity in cereal products. The hexanal levels in the headspace were 
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measured after storage from four months at 70°F and 35% relative humidity which represents 
ambient storage conditions for cereal products for four months. In a second protocol some of the 
samples were moved to conditions of 100°F and 70° relative humidity for either two or eight 
additional weeks after the four month storage period. Storage under these high temperature and 
humidity conditions is used in the industry to simulate longer term storage at ambient conditions 
in an accelerated fashion. The results were presented in paragraph 10 of the declaration. The 
results dramatically showed that the headspace hexanal level in the Alderman product was higher 
at all points and conditions measured compared to the product prepared in accordance with the 
present invention. In fact, after the first two weeks of accelerated conditions the Alderman 
product had a hexanal headspace level that was 358% of that measured at four months. The 
product prepared according to the present invention only had an increase of 193% of the four 
month measure and was significantly lower than that found in the Alderman product. By the end 
of eight weeks of accelerated conditions the Alderman product had a hexanal headspace level of 
698% of the four month measure and was clearly rancid. In the industry headspace hexanal 
levels greater than 5 ppm are considered to represent clear rancidity. By way of contrast, the 
present invention product was still well below the Alderman product and well below the 
rancidity threshold. 

In summary, the declaration shows by a number of different measures that the product of 
the present invention is clearly different from and not obvious in view of the disclosure of 
Alderman, Nakamura et al. and the book. Furthermore, the results clearly demonstrate that even 
if it were obvious to substitute waxy wheat of Nakamura et al. in the Alderman process 
following that process would not produce a product as claimed in claim 1 of the present 
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invention. This is so because that is precisely what was tested in the declaration, namely taking a 
waxy whole wheat grain and following the Alderman process and comparing that to one 
according to the present invention. The Examiner tries to state that there was not sufficient data 
from which one could conclude that this was the case because the experiments were only 
performed once. While it may be true that in a isolated measure a single repetition could be 
insufficient here we have a situation where numerous parameters were measured all of which 
clearly demonstrate that three of the key limitations found in claim 1 are not present in a product 
produced according to the Alderman process. Therefore, the rejection of claim 1 and the claims 
which depend therefrom under 35 U.S.C.§103 based on Alderman, Nakamura et al. and the book 
is improper and should be withdrawn. 

B. Rejection of claims 34 and 35 under 35 U.S.C. § 103(a) based on Alderman (US 
2,526,792) in view of Nakamura et al. and the book "Wheat Chemistry and Technology". 

The Examiner rejected claims 34 and 35 under 35 U.S.C.§103(a) based on Alderman in 
view of Nakamura et al. and the book. As discussed above the attached declaration clearly shows 
that products produced according to the Alderman process are unlike that claimed in the present 
invention. To summarize, the product according to the present invention is a whole grain product 
whereas that produced according to the Alderman process is not whole grain. The product of the 
present invention is storage stable whereas that of Alderman is not. Finally, the product of the 
present invention is gelatinized throughout whereas the product of Alderman is not fully gelatinized. 
In summary, the product claimed in claims 34 and 35 is not obvious based on Alderman in view of 
Nakamura and the book. 
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C. Rejection of claims 34 and 35 under 35 U.S.C. § 112, second paragraph as 
indefinite. 

The Examiner has declared that claims 34 and 35 are indefinite because they are based on 
claims that have been withdrawn. Claims 34 and 35 are a product that do refer to withdrawn claims, 
however, they claim a product that is definite, namely a cooked buoyant whole grain waxy wheat 
produced according to the process of either claim 13 or 32. Thus, Applicants submit that the claims 
are not indefinite and that Examination of the claims should proceed with this rejection being 
removed. 



Respectfully submitted, 
DICKINSON WRIGHT, PLLC 



February 13, 2006 

Date 




38525 Woodward Avenue, Suite 2000 
Bloomfield Hills, MI 48304-2970 
(248) 433-7383 
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CERTIFICATE OF EXPRESS MAILING 



I hereby certify that the attached Appeal Brief for application serial number 09/751,397 filed 
January 2, 2001 is being deposited with the United States Postal Service as Express Mail EV 
857774305 US in an envelope addressed to Mail Stop Appeal Brief - Patents, Commissioner 
of Patents, P.O. Box 1450, Alexandria, Virginia 22313-1450, on this February 13, 2006. 

Rainie Mills 
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VIII. Claims appendix 

1 . (Previously presented) Cooked, buoyant whole grain waxy wheat comprising no more 
that about 10% amylose starch, and less than 20% by weight protein characterized by being 
gelatinized throughout and storage stable in the absence of additives that inhibit development 
of rancidity for at least 6 months. 

2. (Original) Waxy wheat of claim 1 , comprising a protein content of no more than 
about 14%) by weight. 

3. (Previously presented) Waxy wheat of claim 1 in the form of integral whole grain 
kernels or ground whole grain kernels. 

Claims 4-5 (Cancelled) 

6. (Previously presented) Waxy wheat of claim 1 , wherein the waxy wheat comprises a 
Wx-Dl null, Wx-Al null and Wx-B 1 null allele. 

7. (Cancelled) 

8. (Previously presented) Waxy wheat of claim 1 wherein said cooked buoyant 
whole grain waxy wheat is storage stable for at least about 12 months. 
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9. (Original) Waxy wheat of claim 1, further comprising an edible coating. 

10. (Original) Waxy wheat of claim 9, wherein the coating is selected from the group 
consisting of sucrose, dextrose, rice syrup, carnauba wax, polymeric fructose, corn syrup solids 
and oil. 

1 1 . (Previously presented) Edible composition comprising the cooked, buoyant whole grain 
waxy wheat of claim 1 . 

12. (Previously presented) Edible composition of claim 1 1 selected from the group 
consisting of ready to eat cereals, muesli, granola grain clusters, snack bars, biscuits, crackers, 
bread, cakes, muffins and pie crusts. 

13. (Withdrawn) Process for preparing a cooked, buoyant, waxy wheat, comprising: 

(a) heating a waxy wheat having no more than about 10% amylose for about 5 
to about 15 minutes at about 200°F (94°C) to 230°F (110°C) with 
moisture, 

(b) gelatinizing the heated waxy wheat throughout, and 

(c) cooling and drying the gelatinized waxy wheat, 

wherein said wholegrain waxy wheat product is storage stable for at least about six months in the 
absence of additives that inhibit development of rancidity. , 
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14. (Withdrawn) Process of claim 13, wherein said waxy wheat is heated for about 5 
to about 10 minutes with steam and then tempering the waxy wheat for about 1 hour to about 2 
hour. 

15. (Withdrawn) Process of claim 14, wherein said tempering is about 1 hour at 
ambient temperature. 

16. (Withdrawn) Process of claim 14, wherein said tempering is for about 1 hour at 
about 160°F (71°C) to about 200°F (93°C). 

17. (Withdrawn) Process of claim 13, wherein the waxy wheat in step (b) is heated 
for about 45 minutes to about 90 minutes at 200°F (93°C) to about 350°F (177°C) to gelatinize 
the waxy wheat. 

1 8. (Withdrawn) Process of claim 13, wherein the waxy wheat in step (b) is heated 
for about 1 hour at about 260°F (127°C). 

19. (Withdrawn) Process of claim 13, further comprising separating the cooled waxy 
wheat in step (c) into separate kernels prior to drying. 

20. (Withdrawn) Process of claim 19, further comprising toasting the separated 
dried kernels. 
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21. (Withdrawn) Process of claim 19, further comprising drying the separated 
kernels to a moisture content of 10 to 16% then heating the kernels to about 380°F (193°C) to 
about 700°F (371°C) for 15 to 25 seconds. 

22. (Withdrawn) Process of claim 13, wherein flavorings are added to the waxy 
wheat prior to, during or after gelatinization. 

23. (Withdrawn) Process of claim 13, wherein the waxy wheat comprises a protein 
content of about less than 14% by weight. 

24. (Withdrawn) Process of claim 13, wherein the waxy wheat comprises Wx-Dl 
null, Wx-Al or Wx-Bl null allele. 

25. (Withdrawn) Process of claim 13, further comprising kneading the gelatinized 
and cooled waxy wheat of step (c) under low shear to form a dough. 

26. (Withdrawn) Process of claim 25, further comprising shaping and drying the 
dough to a moisture content of 10 to 16%. 

27. (Withdrawn) Process of claim 26, wherein further comprising toasting or puffing 
the shaped dough. 
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28. (Withdrawn) Process of claim 27, wherein the dried dough is puffed by heating 
the shaped dough to about 380°F (193°C) to about 700°F (371°C). 

29. (Withdrawn) Process of claim 13, wherein the waxy wheat comprises a protein 
content of less than 14% by weight of the grain. 

30. (Withdrawn) Process of claim 13, comprising 

(a) heating the waxy wheat for 5 to 7 minutes at about 17 psi, then 

(b) tempering the heated waxy wheat for about 1 hour, then 

(c) cooking the tempered waxy wheat for about 1 hour to about 280°F (138°C) to 
gelatinize the waxy wheat, then 

(d) kneading the gelatinized waxy wheat under low shear to form a dough, then 

(e) shaping the dough and 

(f) then drying the dough to a moisture content of about 10% to 16%. 

3 1 . (Withdrawn) Process of claim 13, further comprising puffing or toasting the 
dried waxy wheat of step (c). 

32. (Withdrawn) Process for preparing a cooked, buoyant, waxy wheat, comprising 

(a) heating a waxy wheat for about 5 to about 10 minutes with steam, 

(b) then tempering the heated waxy wheat for about 1 to about 2 hours, 
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(c) cooking the tempered waxy wheat for about 45 minutes to about 90 minutes at 
200°F (93°C) to about 350°F (177°C) to gelatinize the wholegrain waxy 
wheat throughout, 

(d) cooling and separating the gelatinized wholegrain waxy wheat, and then 

(e) drying the separated wholegrain waxy wheat to a moisture content of about 10% 
to 16%. 



33. (Withdrawn) Process of claim 32, further comprising puffing or toasting the 
wholegrain waxy wheat of step (e). 

34. (Previously presented) Cooked, buoyant, wholegrain waxy wheat produced 
by the process of claim 13. 

35. (Previously presented) Cooked, buoyant, wholegrain waxy wheat produced 
by the process of claim 32. 

36. (Withdrawn) Process of claim 13, wherein the waxy wheat of step (a) is milled 
after heating and prior to gelatinizing to produce a ground meal. 

37. (Withdrawn) Process of claim 36, further comprising shaping the gelatinized 
ground meal and drying to a moisture content of about 10% to 16%. 
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38. (Withdrawn) . Process of claim 36, wherein the ground meal is gelatinized in a a 
rotary cooker or a cooker-extruder having a die face. 

39. (Withdrawn) Process of claim 36, further comprising extruding the gelatinized 
ground meal and forming the extruded ground meal into a product of a desired shape.. 

40. (Withdrawn) Process of claim 39, further comprising toasting or puffing said 
shaped product. 

41 . (Withdrawn) Process of claim 39, wherein the shaped product is puffed by 
heating to about 380°F (193°C) to about 700°F (371°C). 

42. (Withdrawn) Process of claim 36, wherein the ground meal is gelatinized in a 
cooker-extruder and directly expanded. 

43. (Withdrawn) Process of claim 13, further comprising milling the gelatinized 
barley of step (c) to produce a ground meal. 

44. (Withdrawn) Process of claim 43, wherein said ground meal is formed into a 
product having a desired shape. 
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45. (Withdrawn) Process of claim 44, wherein the shaped product is a flake, shred, 
puff, nugget, strip or chip. 

46. (Withdrawn) Process of claim 44, wherein the shaped product is toasted or 

puffed. 

47. (Withdrawn) Process of claim 44, wherein the shaped product is dried to a 
moisture content of about 10% to 16%. 

48. (Withdrawn) Process of claim 44, further comprising toasting or puffing the 
dried shaped product. 

49. (Withdrawn) Process of claim 13, wherein the waxy wheat in step (c) is bumped, 
flaked, puffed or toasted. 

50. (Withdrawn) Process of claim 13, wherein the waxy wheat is gelatinized in a 
cooker-extruder having a die face and is directly expanded at the die face. 

5 1 . (Withdrawn) Process of claim 50, wherein the directly expanded gelatinized 
waxy wheat is toasted. 
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IX. Evidence appendix 

Attached are copies of the references relied on by the Examiner in the final rejection, 
namely: Alderman (US 2,526,792), Nakamura et al., and the excerpt from "Wheat Chemistry and 
Technology". In addition, a copy of the declaration under 37 C.F.R. §1.132 submitted with the 
response to the office action of September 23, 2004 is included. The Examiner admitted this 
declaration in the final rejection mailed Jaune 15, 2005. 
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X. 



Related proceedings index 

None. 
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Attorney Docket # 67,500-353 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of: Wilson, et al. 

Serial No.: 09/751,397 

Group Art Unit 1761 

Filed: January 2, 2001 

Examiner: Tran, Lien Thuy 

For: WAXY WHEAT PRODUCTS AND 

PROCESSES FOR PRODUCING SAME 



DECLARATION UNDER 37 CFJt § 1.132 
SUBMISSION OP SUPPORTING DATA 

Commissioner for Patents 
P.O. Box 1450 

Alexandria, Virginia 22313-1450 
Dear Sir: 



I, Lori Ann Wilson, hereby state that: 

1. I am one of the inventors of the present application and a person of 
ordinary skill in the art. 

2. I received a B.S. in Food Science and Human Nutrition fiom Michigan 
State University in 1980. I began working in the Research and Development area at the 

"Kellogg Company in 1980. For the first 16 years I worked in cereals and cereal 
processing. For the last 7.5 years I have worked in the Quality area of cereals and cereal 
processing for the Kellogg Company. 

3. This Declaration provides evidence that our (i.e., the Applicants') 
invention is not obvious to a person of ordinary in the art over Alderman (United States 
Patent No. 2,526,792) in view of Nakamura et al. (Production of waxy (amylose ftee) 
wheats, in Mol. Gen. Genet. 248: 253-259 (1995)) and the book Wheat Chemistry and 
Technology, edited by Y. Pomeranz, 3* Ed. 1988, pp 10 and 16-17. I am aware of, have 
read, and understand the cited references. 
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4. To demonstrate that the whole grain waxy wheat of the present 
application is different from and not obvious based on Alderman I took two portions of 
whole grain waxy wheat from the same grain lot and origin. One portion was treated per 
Example 5 of Alderman as described below, the only example wherein he uses a whole 
grain in his disclosed process. The other portion was treated as per the present 
application as described below. 

5. In the industry whole grain is defined as intact kernels or fractions thereof 
that contain the three parts of the whole grain, namely the outer bran, the endosperm, and 
the germ. 

6. To test the Alderman process 1 5 pounds of the whole grain waxy wheat 
were combined with 1.31 pounds of sugar, 0.44 pounds of salt, and 5 pounds of water. 
The mixture was cooked at 15 pounds per square inch of steam for 1 hour and 40 
minutes in a rotary cooker at 23 rpms. The cooked waxy wheat was then dried at 250° F 
for approximately 40 to 50 minutes to a moisture of 16.1%. The cooked waxy wheat 
was then tempered per the Alderman procedure for 24 hours. The cooked and tempered 
waxy wheat was then run through flaking rollers. Finally, the milled, cooked, waxy 
wheat was toasted as per Example 5 of Ajderman. The resulting product was then tasted 
for a variety parameters related to claim 1 included the amount of whole grain, degree of 
gelatinization, and storage stability. 

7. The other portion of whole grain waxy wheat was treated per the present 
application. In a first step 23 pounds of the whole grain waxy wheat was placed in a 
rotary cooker and steamed at 15 pounds per square inch for 15 minutes at 2.3 rpms. As 
described in the present application, this steaming process serves to inactivate the 
lipases, which are believed to make cooked whole grain waxy wheat unstable and subject 
to rancidity. This steaming process also makes Hie bran layer pliable. The steamed 
whole grain waxy wheat was then bumped by passing it through rollers set at 300 mm. 
The bumping of me uncooked waxy wheat creates small fissures in the bran layer, but 
does not remove any of it. Then 15 pounds of the bumped waxy wheat was mixed widi a 
slurry of 1.31 pounds of sugar, 0.44 pounds of salt, and 3.0 pounds of water. The 
fissures allow the slurry to penetrate the whole grain during the cooking process. The 
mixture was cooked in a rotary cooker at 15 pounds per square inch, 2.3 rpms, for 45 
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minutes. During the cooking process according to the present invention the starches in 
the whole grain waxy wheat tend to become glue like and hold the outer bran layer onto 
the whole grain. The cooked whole grain waxy wheal was then dried at 250° F for 
approximately 20 minutes to a moisture of 16.4%. Next the warm, dried whole grain 
waxy wheat was roller milled while at a temperature of from 100 to 120° F. The milled 
grain was cooled and then tempered for 24 hours. In the process of the present invention 
roller milling the cooked whole grain waxy wheat when it is warm ensures that the 
starches are above the glass transition state so they are pliable and can be formed without 
shattering. Finally, the tempered whole grain waxy wheat was toasted as above. The 
resulting product was then tested for a variety parameters related to claim 1 included the 
amount of whole grain, degree of gelatinization, and storage stability. 

8. The amount of insoluble fiber and the amount of total fiber in each 
product was measured and compared. The fiber is found in the outer layer of the grain 
and its level goes down as a grain is converted from a whole gram to a processed grain. 
Thus, this is a measure of whether each is a "whole grain waxy wheat" as required by 
claim 1. The product of Alderman had an insoluble fiber level of 6.29 weight % and a 
total fiber level of 9.99 weight %. By way of contrast, the product as claimed in claim 1 
had an insoluble fiber level of 10.14 weight % and a total fiber level of 13.56 weight %. 
Clearly, the Alderman product is not a whole grain as claimed in claim 1 since it has a 
lower insoluble and total fiber level compared to the product as claimed in claim 1. 

9. The degree of gelatinization can be measured in a number of ways 
including by measuring water solubility, alkali solubility, and by rapid viscosity analysis. 
The higher the percentage of water solubility or alkali solubility the greater the degree of 
gelatinization. The water solubility is in terms of grams per 100 grams in water. The 
Alderman product had a value of 18 % while the product of the present invention had a 
value of 23%. The alkali solubility of the Alderman product was 50% while the product 
of the present invention had a value of 66%. Clearly, by either measurement the 
Alderman product is not gelatinized throughout as required by claim 1 and as shown in 
the present invention. The results from the rapid viscosity analysis are attached as 
Exhibit 1. The viscosity is measured over time as the temperature of the solution is 
varied. One can see that throughout the entire range of time and temperature the 
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Alderman product has a much higher viscosity indicating that it is less gelatinized than 
the product as claimed in claim 1 of the present invention. All of these measures 
establish that the Alderman product is not gelatinized throughout compared to the 
product of the present invention and as required by claim 1. 

10. The stability of me Alderman product and the product of the present 
invention were tested using two protocols and measuring the headspace hexanal. This is 
described in the present specification on page 10, lines 4 - 13 and page 21, line 30 
through page 23. Li a first protocol the hexanal levels in the headspace were measured 
after storage for 4 months at a temperature of 70 s F and 35% relative humidity 
representing ambient conditions for 4 months. In a second protocol some of the samples 
from the first protocol were moved to conditions of 100' F and 70% relative humidity for 
either 2 or 8 more weeks. Storage under these conditions is used in the industry to 
simulate longer term storage at ambient conditions in an accelerated fashion. The 
protocols are well recognized in the food industry. The results are provided in Table 1 
below: 

TABLE 1 



Condition of storage 


Alderman product, 
headspace hexanal in ppm 


Present invention product, 
headspace hexanal in ppm 


4 months, 70° F 35% 
relative humidity 


K0 


0.66 


2 weeks, 100° F, 70°/o 
relative humidity 


3.58 


1.28 


8 weeks, 100° F, 70% 
relative humidity 


6.98 


3.49 



The results demonstrate that the Alderman product is not storage stable. After 
the initial storage of 4 months the Alderman product has significantly more hexanal than 
the present invention. After the first 2 weeks of accelerated conditions the Alderman 
product has a hexanal level that is 358% of the measure at 4 months while the present 
invention is only at 193% of the 4 month measurement. By the end of the 8 weeks of 
accelerated conditions the Alderman product has a hexanal level of 698% of the 4 month 
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level and is clearly rancid. Headspace hexanal levels greater than 5 ppm are considered 
in the industry to represent clear rancidity. By way of contrast, the present invention 
product is still well below the Alderman product and well below any rancidity threshold. 

11. In summary, even if one of ordinaiy skill were to follow the teachings of 
the Alderman process using a waxy wheat after reading Nakamura et al. and the book 
Wheat Chemistry and Technology one could not produce a "Cooked, buoyant, whole 
grain waxy wheat comprising no more than about 10% amylose starch, and less than 
20% by weight protein characterized by being gelatinized throughout and storage stable 
in the absence of additives that inhibit development of rancidity for at least 6 months." as 
required by claim 1 of the present application. Alderman alone or in combination with 
the other cited references does not make the present whole grain waxy wheat product 
obvious. 

12. I hereby declare that all statements made herein of my own knowledge arc 
true and that all statements made on information are believed to be true; and further that 
these statements were made with the knowledge that willful and false statements and the 
like ate punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code, and that such willful false statements may jeopardize the validity of the 
application or a patent issued thereon. 
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Citizenship: United States 
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CERTIFICATE OF MAILING BY "EXPRESS MAIL" 



I hereby certify that the enclosed Declaration Under 37 CFJL § 1432 is being 
deposited with the United States Postal Service as Express Mail, postage prepaid, in an 
envelope as "Express Mail Post Office to Addressee", Mailing Label No. ########US 
and addressed to Commissioner for Patents, P.O. Box 1450, Alexandria, Virginia 22313- 
1450 on March 23, 2005- 
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This invention relates to puffed reedy-to-eat cereal material to 5-14* Just before 
ceredfooAoft^^ together with reducing the grata to a plastic 

^LS^^s^^^^^ce^Si^^ state by shredding or ribhonlng before such dry- 
be^SdwBeesafulhF bj the method known at tag; etc Despite an of there effort* however, 
-nm-tnifflng" wherem the kernels are subjected 6 the only oven-puffed breakfast cereal on the 
to irtea^mder high pressure to convert their market heretofore has been the rice prodactmen. 

moisture content Into entrapped steam, The tioned above. . 

uiLiiiiiiiL to then rclraffr* fly ■hwrnmn ttn» One of the objects of the present invention is 
ceUwaL burst and the kernels expand to as to provide new ready-to-eat, oven-puffed cereal 
much as eteht times their original volume. Gun- 10 foods having the toasted brown color, crispness, „ 
nnraeereabof varfo» km* have been on the friability, and temporary taperviousness to mois- 
marketfcn-akmgtmieazidareweBknc^rn. Such ture In milk or cream which chara cterize such 
nroducts characteristically have substantially products and render them highly appetizing, 
smooth outer surfaces and spongy or pithy com- Another object is to produce such products 
pressfhle interiors. As a rule they are not 15 from cereals other than rice, as well as from 
toasted since toasting does not take place during- rice itself. - ■ . . 

rto^Dutr^ v A further object is to provide such produste 

!hidistmction to gun-puffing, the method com- having a degree of puff greater than and crisp* 
monly known as **oven-pjnW\simpfr subjects ness and friability superior to those obtainable 
the cooked cereal to relatively high t e mp er a t ur es 20 heretofore even in the case at rise, 
in the range of 300-600* F. without the appttea- A still further o bject l a to produce such 
tlon and sudden release of pressure that are superior products at minimum cost • ■ 
characteristic of gun-puffing. C^-puflmg thus I have discovered that the waxy va rieties of \ 
Wmces a product winch differs ntarkedly from the cereal grains, such as corn, rice, sorghum, ; 
that obtained with gun-puffing in that it is 25 barley, mfflet, etovovenrpuff very easily and to » 
toasted, frangible and crisp and sufficiently im- much higher degree of puff than the non-waxy ^ 
pervtowtoimftsti^ "^^^^J^^^^^J^^ ™T 

in milk or cream it retains its crisp, friable char- puffed, toasted; crisp, moisture-I mpervio us prod- 
acter for a reasonable period. These character* ucte can be produced by ovea-pufttng cereals 
of oven-puffed products are very desirable SO which could not be satisfactory by this 

in breakfast cereals, put the general use of this method heretofore, and even in the case of rice 
method of puffing has not been practicable here- a substantially improved and superior product Is 
tofore because of the limited amount of puffing obtained. For example, waxy rice puffs two or 
produced thereby. 88 much non-waxy rice when 

Many expedients have been used in an-ettempt 35 processed under identical conditions. Waxy 
to overcome the above mentumed disadvantage of sorghum and waxy com puff three or more times 
oven-puffing. For example, moderate campres- as much as the non-waxy varieties of these 
sion or flattening of riee grains between spaced cereals and more than non-waxy rice as hereto- 
roBs prior to the, oven treatment increases the fore marketed. Similar . improvement in the 
extent of pufSng sufficiently to produce an ae- 40 degree of puffing is obtained in the ease of waxy 
ceptame commercial product However, this barley, etc 

additional and hence uBdMiable operation does The waxy varieties of the cereal grains are 
not produce the desired degree of puffing even in those in which the starch contain ed In .the 
the case of-ricev and: it has little or no. effect in endosperm is stained red instead, of blue with 
the case of other cereals such as corn. Other « -iodine, apparently because the starch has the 
procedures have been tried without success, such mol ecu l ar form known as amylopectm instead of 
as soaking the grains in a solution of salt with that known as amylose. Other parte of the 
the object of modifying the grain proteins, so as kernels of these waxy varieties may contain small 
to aid subsequent puffing; coating the grains with amounts of non-waxy starch, but even though 
inolsture-impervious materials such as sugar, 50 the whole grain is used so that all of this non- 
salt, albumen, or casein with the object of en- waxy starch is included in the puffed product. Its 
trapping and retaining their rnoisture and tt^ere- proportion is Innufflfttpnt to affect the results, of 
by increasing the degree of puffing; case-harden- the invention. . 

lng the grains with the same object in view; The whole grain may be processed m the form, 
reducing the moisture content of the cooked '»* of whole kernels or fractions thereof such as grits. 
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wnleh are hereinafter , referred Id together m than In the cue of grain .i^-rf, fwl 

gram elementa. or the whole mm may be ground lis not worthwhile, 

to Spar and made Ui dough. On the otter Ovim-pafflns may be carried oirt In an lneUned 

hana, the grain ™«yj» mfltod tp eliminate moat rotating perforated dram hea«^an^wn 

c^t^ n ^-w^»tar < Aw^tofo m d I »ta C ipan y 5 flame «lwlirtgaa»^prc^ w^tateSS 

In a thta layer surrounding the endoaperm be- riteorflni which lift the MtSal m the dnun 

g^ whteh eonatoti m-acttcaH y entirely ofwaw moephere within the dTtnl Oenerallyto tent 

2^^f^ll l S5r^ M J^iS^ peratm*orthedrtnnahmiMbeB^inedwlth- 
or groimd Into floor and made into a dough as 10 in a range of 300-600* P and It m» h* mi 

^tL^J?^ ia« to b^SLLSfcJLSnt 

itarch obtained from the waxy oereab according out the length of the drum or higher or lower 
£ ^I^T 1 "^2? j^chmanuf acture can at the inlet or outlet end of the drunTas deSre? 
beinadetatoadc^andpnxiesBBdmeieen^^ The Ume required for the matertalto faavdtte 
the namr manner aa dough made from flour. The 1 J length of the drum or in etorab tte period 
^S^2K Jr , C< S? 1 " tHeh " B,ed vravUaS for puffing and toastlng^^ oTtte 

^T^^l^ aaay ^J^.' K ^. WtoSmlimtei Kta&sir^todrect 



S^^lS^S^^l!^ 6 ™!? time needed for puffing should be irisufflcient for 

^^^Si^J^ ^S^ mtXl * Tntmptg 20 toasting, additional saccharides can be used to 

of non-waxy starch, protein, eta. facilitate caraniehxatlon. Other t^nf^L, 

Theproces^ the wax, material consist, such « tS'ScCtyp^X 

eTS^ot^.^^ ^ * somewhat higher tmpeTature range *5 

be <=*™a out according to known practices of a longer period for puffing and toasting, 

the art TJsually^grain elements are cooked to aa me Invention Is Hmrtrated by tSfoBowmg 

an autoclave or retort of the revolving type with examples: * lauowmg 

adtfed flavoring materials such aa sugar, malt. Example I 

salt, etc, whereas doughs are cooked In appara- « ^ . , 

tus having special mixing means which provide 35 lbs. of pearled waxy Cody sorghum, 10.1 lbs. 

sufficient heat transfer to permit the starch In 30 ^voring syrup, and 18.9 lbs. of water were 

the bulky mass of dough to be gelmturted. £i^J£f Bt JiPf 5team P™***- 

Cooking generally rec^ from 1% to ifhcOT ^ ^ C ?^ in ^f 1 * 1 to 20 % 

when conducted at a temperature c^responXg ^S^J^SSJ^SS^ for * of 30 

to 15 lbs. steam pressure, but ma^ ?j^^^w!f mp ^ ed IS""? 8 *»• P" 5 * 1 

tlmxed untfl the starch Is substantially gelatin- 35 ^^^^^^^"^^ at * tem ' 

laed. and In the case of grain elemente unW tiie ttS^JXX!? * ?i ab 2^ 0116 

desired degree of caramellsation and atWant t*?^*™^*** drum. A puffed 

color development has been effected™ wmaw " Wgfo* of toe desired degree of brown color. 

The cooking period may be shortened t» in c 2 mn ?? ^ *mpervlousness to moisture was 

addition of small amounts of tngrettente such u ^ °*giiial volume, 
cttrfcacjd. phosphoric add. add salts, and the Example 2 

like which alter the pH of the cook or otherwise « , ^ . 

accelerate the gelatinixation of the starchcrthe ^^l^t^J^ g ^ m W ^ ^Z?* a flour 
caramelteation. Moreover, it is wia^des^ahS « £nd^,£ ^^f^T*** 1 80 ? m f" *™ m ' 
In the case of grain elements to^suse themto «™\ < 21 tM ? wew "2! aB mto ft dough 

cr^TnTvc^-te^a^a^ abTm^^^^?^ 
umtH am thn«» •frt»^J*«ZrJr^»i^^r^^^^ 60 able n*xtag means adapted for use in cooking 

^^£X U fi& oSS^nSn? &^ono^ 
cc^nS^S* 0 * ^ ^ m^ac^^fc^ 
SS^ftf^ rS^J^S 1101 ^ 1 'Si? ^ ^ to ribbons of %-x%^ thelS^ 
integration. After cooking, the moisture content Mtt into pieces about 2" Iom *hiS^^«^ 

^*r^^?^ ^ienerally in « pSed^^or 3 i StcSS 
^tJT^f a ? d ^ m ?? t F! «^tent oven. The resulting pr«luct compr^JS^ 

to tto case of doughs is generally between 40 crisp pieces puffed toJW times the? original 

rvwXL" *^ , . ■ „ volume and having the desired degree of Im- 

ti^^«f^t^ B ^i^ be dried par- ^ pervlousness to moisture m xnllk a^ 
uaay before puffing, either in the puflmg appara- 

tus or separately before being Introduced there- Example $ 

l^ to JtSS^*S^ kto ^ rawof5to25 * 6 As. of waxy sorghum gram, 3.3 lbs. water 0 7 
•ndprej^l^twett 7 and 15%. Also it Is lbs. sugar anTo.W^^ saltwere coo^eoloi 35 
lS^n^2Slif u minutes ma pressure cc<^ at 2^ 

^^^J^^^^^J^ 01 ^ °* ***** wch W sure. The cooked gratawas dried to a^t7% 
V^d^nutof^t&ppmn*. For ex- moisture, ground to pass through 80 mSb. and 
T ^£!L^Lf^ en '! ^ merely 1,8 fl » t t«ned by made into a dough of 40% niolsture by admixtor 
fff^ftlirough roils or they may be .Aredded or 6 ibs. of said floor with 3.5 lbs. of water. The 
«roJed. ^Stallarly cooked doughs should pref- 70 dough was ertruded, cut Into dough pieces and 
eraoiy oe formed by shredding or extrusion into oven-puffed as in Example a and a similar prod- 
small pieces having at least one cros**ectional net was obtained, 
osnension that Is suffldentiy small to permit Example 4 



9,506,793 
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for 2 hoars at 15 lbs. steam pressure, after which puffed pieces in the final Product may come en- 

the cooked material was air-dried to 18* mote- tirely from non-waxy kernels. Such pieces win 

tun and then tempered for 20 hours. The tern- not puff to the same extent as those derived from 

pered kernels were then passed through flaking waxy kernels and hence they ; may be removed 

rolls and oven-puffed at a temperature of 350-400* • by screening if their number should be excessive. 

F. fox about one minute by passage through a The invention Is not restricted to the exam p les 

toasting oven (perforated cylinder). A puffed set forth above and It will be evident to those 

product of the desired degree of brown color. skilled in the art that various changes can be 

crispness and lmperviousness to moisture was made In toe details of procedure without depart* 

obtained, the flakes having puffed two to three 10 tag from its spirit Reference should therefore 

times as much as flakes made from non-waxy be had to the appended claims for a rtpflnltton 

corn or maize and processed under Identical con- of the limits of the Invention, 

dlttana What Is claimed Is: 

Example 5 1. A process for preparing a puffed cereal rood 

„ ... <lu m ift product which comprises the steps of cooking 

15 lbs. of California waxy rice, 1.31 lbs. of sugar, _y oereai sta rch material and oven-pufflng 

0.44 lb. of salt and 5 lbs. of water were cooked Se^ootedmaterlal. 

for 1% hours at 15 lbs. steam pressure after 2. A process for preparing a puffed cereal food 

which the cooked material ™ dried tol W0 % ^^ISthe steps of cooking a 

moisture and tapered for 20hour* •nwten- J£» material and subjecting small 

pered kernels werethen passed throughjfc^ ™ ^^^^ <sooklBd material to an elevated 

rolls am?, oven-puffed at a temperature of temperature in the range of 300° P. to 600° P. at 

8WM0O* P for about one minute by passage pre^retotoast and puff the prod- 
through a toasting oven (perforated cylinder). 

A puffed product of the desired degree of brown 8 . process for preparing a puffed cereal food 

color, crispness and 1 taperriousness to moisture V g 0 ^rSSt comprises the steps of cooking a 

was obtained, the flakes ^havtag puffed two to material and oven-pufflng 

three times as much as flakes made from non- Se^oofcedmaterlaL 

waxy varieties of rice and processed under idem- 4 A vrocesa far preparing a puffed cereal food 

tlcal conditions. , m product which comprises the steps of cooking a 

Example 6 waxy maize starch material and oven-pufflng the 

Pearled waxy barley was cooked with water. cooked material, 

sugar and salt for 1% hours at 13 lbs. steam '. 5. A process for preparing a puffed cereal food 

pressure in an autoclave. The cooked material product which comprises the steps of cooking a 

contained about 3S% moisture and was dried 3ft waxy rice starch material and oven-pufflng the 

to 19.4% moisture and tempered for 13 hours. cooked material. 

The tempered kernels were then passed through 6L A cereal food product comprising crisp, Iri- 

fiaHwy xolls and oven-puffed under conditions able, toasted and puffed particles of cooked waxy 

similar to those set forth In the preceding ex- cereal starch material. . . 

amples. A puffed product of the desired color 40 7. A cereal food product comprising crisp, frl- 

and crispness was obtained, the flakes having able, toasted and puffed particles of cooked waxy 

puffed approximately twice as much as flakes sorghum starch material, 

made from non-waxy barley and processed un- 8. A cereal food product comprising crisp, m- 

der the same conditions. able, toasted and puffed particles of cooked waxy 

4ft maiae starch material. . ^ ^ 

Example 7 9. A. cereal food product comprising crisp, fri- 

5.8 lbs. of purified waxy sorghum starch were able, pasted an£puffed parties 

mixed with 3.5 lbs. of water, 0.7 lbs. of sugar and rice- starch material^ ATxnraMW 

0.15 lb. of starch, and the mix was then cooked - MATTCSON WELLS ALDERMA*. 

in a jacketed dough mixer far 20 minutes at the 00 mpkrkwcrs CITED 

temperature corresponding to 20 lbs. steam pres- kkmskkwckj 

sure in the jacket. The cooked material was ex- - The following references, are of record in the 

truded in shreds which were allowed to dry at file of tins patent: 

room temperature to eliminate surface stickiness. UH I'I' K 11 STATES PATENTS 

The shreds (about 80% moisture) were then cut M tw- 

into pieces about W long which were oven- I *"5™L, r'^SSS Jr^91917 

puffed at 530- P. for 5 minutes in a conductance 1^18 1918 

oven. The resulting product comprised toasted, " ^ 17 lSl 

crisp pieces puffed to approximately 5 times . W' lake— 17. iwi 

their original volume and more than twice as 80 FOREIGN PATENTS 

much as similar pieces made from non-waxy . , , rmt* 

starch and processed under the same conditions. Number^ rfiflix 

As noted above the use of whole grain results M*46 Great Britain of ira 

In the presence of small amounts of non-waxy . OTHER REFERENCES 

starch in tb* product. It wfil also be understood M - nxr m » Con- 

that coinmercial crops even when grown from "Starch fw'^^ ^T^T^ 

100% waxy seed may nevertheless include soma , fecttahers Jcran^June * J». 

non-wa^rygrah* due to cross poDhiationOT other t "^^ f ?^^^^^t^^ 

cause*. C^mthesupervlilonof growing con- m J?f^f^' ^ ^wtf™^ 

dltions and in the selection of crop, win keep TO o^dwefl. The MSS^^^nse^gS 

the resultant proportion of non-waxy starch so ''Amioca. a New Industrial Starch, Dec 1948. 

low that It does not substantially affect the re- pp. W, 17 and W. . f - w^^-^n. 

suits of the Invention when the product is made Schopmeyer et ^-^^^ 

CfltooTSugh, H^^^ mixed f*£^W<^^ 

grain is processed as grain elements, sane of fee Tl for Tapioca," Nov. 1048, pages liw to htx 
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Xbstract The Waxy (Wx) protein has been identified as 
cranute-bound starch synthase (GBSS: EC 24.1.21). 
*hich is involved in amylose synthesis in plants. 
Mihough common wheat {Triticum aestirum L.) has 
three Wx proteins, "partial waxy mutants*" lacking 
• »ne or two of the three proteins have been found. 
I sing such partial waxy mutants, tetra- and hexaploid 
*axy mutants with endosperms that are stained 
red-brown by iodine were produced. Both mutants 
showed loss of Wx protein and amylose. This is the 
*irst demonstration of genetic modification of wheat 
*:arch. 

Key words Wheat • Waxy • Amylose ■ Wx protein ■ 
Mutant 



*«>ductIofl 

Recently, many genes encoding enzymes involved in 
•arch synthesis have been cloned and used for genetic 

Manipulation (Visser and Jacobsen 1993: Smith and 

Martin 1993: Muller-Rober and KoBmann 1994). One 
these enzymes, granule-bound starch synthase 

{, HSS: EC 24.1.21). "is the key enzyme in amylose 
■"thesis (Preiss 1991), GBSS binds tightly to starch 

•-mules and is known as Wx protein (Echt and 
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Schwartz 1981: Vos-Scheperkeuter et al. 1986: Preiss 
1991). Amylose and amylopectin are the two major 
polysaccharide components of reserve starch in plants. 
The amylose content in total reserve starch varies from 
ll%-37% in nonmutant phenotype5 (Shannon and 
Garwood 1984). whereas "waxy" {amylose free or gluti- 
nous) mutants have essentially no amylose. Waxy 
mutants also lack Wx protein, with the exception 
of several maize waxy mutants (Echt and Schwarz 
1981). Nonwaxy and waxy phenotypes are easily distin- 
guishable by staining of starch with iodine. Nonwaxy 
starch stains blue-black while waxy starch stains red- 
brown. 

Waxy mutants have been identified in cereals such as 
maize, rice, barley, sorghum and amaranth. However, 
waxy mutants have not been reported in tetra- or 
hexaploid wheat. Common wheat has three homo- 
eologous waxy genes. IVX-AL WX-BI and WX-DL 
located on the group 7 chromosomes (Chao et al. 1989). 
It was thoughflikely that these genes produce at least 
three GBSS isozymes, as found for many wheat ho- 
moeologous gene-encoded functional proteins (Hart 
1987). Indeed" a modified two-dimensional gel elec- 
trophoresis (2D-PAGEI method (Nakamura et a!. 
1993a) enabled us to identify three Wx proteins. Wx- 
Ai. Wx-Bl and Wx-D. which have slightly different 
molecular weights and or isoelectric points (Fig. 1). Us- 
ing this technique, we were able to identify mutants 
{Nakamura et al. 1993b. c: Yamamori et al. 1994|. each 
lacking one or two Wx proteins, which were termed 
"partial waxy mutant/". Wild type was designated 
Type I. Type* 2 is lacking in Wx-AI protein. Type 3 in 
Wx-Bl. Type 4 in Wx-Dl and Type 7 in both Wx-AI 
and Wx-Bl (Fig. 2). In this study! we describe the pro- 
duction of waxy tetra- and hexaploid wheats through 
the use of these mutants. Since wheat is one 
of the most widely cuhiwited crops in the world and 
its starch is used in food and nonfood industries, 
waxv wheats will have important implications in both 
fields. 



254 



Fig. 1 Two-dimensional gel 
electrophoresis pattern of Wx 
protein of common wheat 
iTritivum aestivum L.I (left panel) 
and a diagrammatic 
representation of the pattern 
(right panel). The diagrams show 
differences in molecular weight 
iA/WJl isoelectric point Ipli and 
amount (size of the torpedo 
shapes I of three Wx proteins. A. 
B and D in i he diagram indicate 
the three Wx proteins Wx-Al. 
Wx-Bl and Wx-Dl. respectively. 
The normal phenotype has the 
three Wx proteins and is 
designated Type I 
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Fig. 2 Schematic diagrams of Wx 
protein patterns in partial waxy 
mutants. The Type 2 mutant 
lacks Wx-Al protein. Type 

3 lacks Wx-Bl protein. Type 

4 lacks Wx-Dt protein, and Type 
7 lacks both Wx-Al and Wx-Bl 
proteins 
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Type 4 
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Type 7 











Materials and methods 

Plant materials 

Two common wheats. Kanto 107 (K107) and Bai Huo. and a durum 
wheat {Tritivum durum Desf.l cv. Aldura were used. K107 is a Type 
7 mutant and Bai Huo is a Type 4 mutant (Yamamori et al. 1994: 
Fig. 2). Aldura has both Wx-Al and Wx-Bl proteins. Embryos of 
the F : seeds of KI07 x Aldura. in which endosperms stained red- 
brown with iodine, were sterilized, excised and germinated on MS 
medium without hormone. At the thre?-leaf stage, the plants were 
transplanted into horticultural soil itCureha) and grown in a green- 
house at 21- Clday) 15 Ctnight). 



Extraction of Wx protein and electrophoresis 

Protein extraction for SDS-PAGE was performed as described b> j 
Echt and Schwartz (1981). For 2D- PAGE 10 mg of the prepared | 
starch granules were mixed with 300 ul of lysis buffer [8 M urea. 
2% (v v| Nonidet-P40. 2% <v v) Ampholine pH 3.5 ^ 10. 5% (v \< I 
0-mercaptoethanol and 5% |w v) polyvinylpyrrolidone] and healed , 
in a boiling water bath for 2 min. then cooled on ice. SDS-PAGE 
was performed bv the system of Laemmli i 1970) using 10% acrvl* 
amide gels and 2D- PAGE was performed as previously reported I 
(Nakamura et al. 1933a). After electrophoresis..gels were stained | 
with a silver staining kit (Wako Pure Chemicals) or Coomassie 
Brilliant Blue R. 



Starch granule preparation 

Starch granules were prepared as described previously I Nakamura 
et al 1993a). The starch granules were purified using SDS buffer 
containing 60 mM TRIS-HCL pH 6.8. 3% iw v) SDS. 3%(v. v| ft- 
mercaptoeihanol and 10% iv v) glycerol. All the steps in the prep- 
aration were performed at 4 C. Purified starch granules were stored 
at - 20 C. 




Iodine staining 

One month after anthesis. fresh seeds were harvested, endov 
perms were cut into halves, and one-half was stained b) 
iodine solution (740 mg resublimed iodine and 1480 mg pot** 
urn iodine dissolved in 400 ml deionized distilled waterl Stare* 
granules were also stained with this solution and analyzed micro* 
scopically. 
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Table 2 Segregation of wa\y 
tv pe seeds in F '? wds of 
K 107 * Bai Huo 



FTplanr 



Number"*^ 





of seeds 


Blue-black 


Red-brow n 


1^:1) 


No. ! 


556 


549 


7 


o.v 


No. 2 






9 


0.5: 


No. 3 


511 


504 




o i: 


Total 


I "95 









° *) 0 *, 
0 30 0 <n 
0.50 



K107 



F2 waxy-type 



Bai-Huo 




Four seeds in which endosperms and starch granules 
stained red-brown by iodine segregated from" 288 F 2 
seeds matured on the F { plants (fable 1 1. There was no 
Wx protein in the starch granules of these four seeds. 
The nonwaxy F : seeds from this cross all had Wx 
protein, although the protein level varied (Fig. 3). 

Chromosome numbers in the four F : plants were 
decreased from the 35 of the F 1 pentaploid to 29. 29. 30 
and 29. respectively (Table 1}. All F 3 seeds matured 
on the four F : plants showed the waxy phenotype 
and three randomly chosen F 3 plants all had a chro- 
mosome number of 28 (Table U N- and C-banding 
of chromosomes indicated that the D genome 
was absent in these plants (data not showni. The 
waxy phenotype and chromosome number of Fj indi- 
\iduals was stablv transmitted to the F 4 eeneration 
(Table I). 

The level of amylose t0.6°o-0.7° t > of starch) in F 3 
and F 4 seeds was comparable to thai in a waxy maize 
(0.6%). although both parents had amylose contents 
greater than 25° o (Tabic 1). Seed starch" was analyzed 
by gel filtration using a Sephacryl S- 1000 column. Only 
an amylopectin peak was seen in the mutant, whereas 



Fig. 4 Endosperms stained with iodine solution. The F : .seed'. 
KI07 (Type ?)x Bai Huo I Type 4j included segregams *ith rev: 
brown staining endosperm (waxy typei 



both parents showed amylopectin and amylose peal- 
(data not shown). 



Type 7 x Type 4 

Waxy hexaploid wheat could be produced by crosMny 
Type 7 with Type 4 mutants. Based on Mendelian nc: 
regation. the F\ generation should include indiwdux* 
lacking all three Wx proteins. These plants should rv 
waxy mutants, because mutants lacking Wx protein :r 
various diploid plants are all waxv mutants (Echt aiv 
Schwartz 1981: Sano 1984; Konishi et al. 1985; Hover, 
kamp-Hermelink et al. 1987|. 

All F 2 <eeds matured on the three F, planh 
K107 x Bai Huo were harvested and endosperms wcr; 
stained with iodine solution. Twenty-three seeds stain 
ing red-brown were. identified among 1795 F : seed* 
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Varagona 1985; Okagaki and Wessler 1988). In maize, 
large insertions 1150 bp - 6.1 kbp) or deletions 
(> 300 bp) are associated with mutations among the 
wx alleles, while single base changes or very small 
insertions or deletions were responsible for the muta- 
tions in rice. The mechanism of origin of the spontan- 
eous lesions detected in wheat wx alleles appears to 
differ among the three waxy loci, and to be more 
complicated than in maize and rice. 

Starch is a major component of the harvested parts 
of plants and is used in food and non-food industries. 
Demand for many kinds of natural starch that possess 
novel physical and chemical properties is increasing, 
due to the desire to develop new starch products and to 
reduce the need for post-harvest chemical modification 
processes (Smith and Martin 1993). A number of nat- 
urally occurring mutants with altered proportions of 
amylose and amylopectin have been well studied 
(Shannon and Garwood 1984). Of these, waxy maize is 
widely used in food industries. Waxy maize* starch is 
notable for paste clarity, high water binding capacity 
and resistance to gel formation and retrogradation 
(Watson 1988). Starch of amylose-free potatoes yields 
a similar type of clear paste, which does not retrograde, 
and seems to be useful in ready-prepared foods (Visser 
and Jacobsen 1993). Starch of waxy wheats also lacks 
amylose and may have several applications, including 
reduction of staling in flour products, especially bread. 



Acknowledgements We thank Drs. P. I. Payne and K. J. Kasha for 
discussion and P. Vrinten for comments on earlier drafts of this 
manuscript. This study was supported by a Grant-in-Aid of the 
Preceded Research Program provided by the Ministry - of Agricul- 
ture. Forestry and Fisheries iMAFFl Japan (PRP94-5). 



References 

Ainsuorth C. Clark J. Balsdon J (1993) Expression, organization 
and structure of the genes encoding the waxy protein (granule- 
bound starch synthase) in wheat. Plant Mol Biol 22:67 -82 

Amano E (1981) Genetic and biochemical characterization of waxy 
mutants in cereals. Environ Health Perspect 37:35-41 

Briggs RW. Amano E. Smith HH 1 1965 1 Genetic recombination with 
ethyi-methanesulphonute-induced waxv mutants in maize 
Nature- 20 T :39I -892 

Chao S. Sharp PJ. Worland AJ. Warham EJ. Koebner RMD. Gale 
MD H989i RFLP-based genetic maps of wheat homoeologous 
group 7 chromosomes. Theor Appl Genet 7$ : 495-504 

Echt CS. Schwartz D < 1 98 1 1 E\ idence for the inclusion of controlling 
elements within the structural eene at the uu.vi locus in maize 
Genetics 9y: 275- 21*4 

GaiiiiG. Feldman M < 19S4i Intergenomic suppression of endosperm 
protein yenes in common wheat. Can J Genet Cytol 26:651-656 

Hart GH H98 7 i Genetic and biochemical studies of enzymes. 
In: Heyne EG ledi Wheat and wheat improvement. American 
Society of Agronomy. Madison. Wisconsin, pp 199-214 

Hovenkamp-Hermelink JHM. Jacobsen E. Ponstein AS. Visser 
RGF. Vos-Scheperkeuter GH. Bijmolt EW. de Vries JN, Witholt 
B. Feenstra WJ { I9S"| Isolation of an amylose-free starch mutant 



of the potato (Solatium tuberosum L). Theor a ■ 
75:217-221 *W Get*. 

Kanzaki K. Noda K H988) Glutinous (Waxy) endospcm 
mutant of Tritfcum numoohxum L Jpn J Breed 38 4^? 
Kerber ER (1964> Wheat: reconsiiiution of tetraploid *o 

(AABB) of hexaploid wheat. Science 143: 253-255 mpor *' 
Kerber ER. Green GJ |I980> Suppression of stem rust resist 
the hexaploid wheat cv. Canthatch bv chromosome 7i 
J Bot 58: 1 34% 1 350 LD < ■* 

Konishi Y. Nojima Y. Okuno K. Asaoka M. Fuwa Hi 1985) q. 
terizaiion of starch granules from waxy, nonwaxy. and 
seeds of Anuinmthus h\ptnhonJriucus L. Agric Biol r-J 
49:1965-1971 C k - 

Laemmli LK (19^0) Cleavage of structural proteins durin* - 
assembly of the head of bacteriophage T4. Nature 227- 6Jto # 
Lazzeri PA. Shewn PR 1 1993) Biotechnology of cereals* I n: T./ . 
MPtedl Biotechnology and genetic engineering review^ V( ',7- 
Intercept. Andover. pp 79-146 
Mackey J (1954i Neutron and X-ray experiments in wheat j. 

a revision of the speitoid problem. Hcreditas 40:65-180 
Muller-Rober B. KoOmann J i 1995) Approaches to influence v 4T 
quantity and starch quality in transgenic plants. Plant Cell ; 
viron 17:601-613 
Nakamura T. Yamamori M. Hirano H. Hidak3 S ( 1993a* The w Jt 
(Wx) protein of maize, rice and barlev. Phwochem.^ 
33:749-753 ' " " 

Nakamura T. Yamamori M. Hirano H. Hidaka S ( 1993b) Identity 
lion of three Wx proteins in wheat iTriikum aestivum L 1 Bi 
chem Genet 31:75-86 
Nakamura T. Yamamori M. Hirano H. Hidaka S U993ci Decree 
of waxy iWx) protein in two common wheat cultivars with I.*- 
amylose content. Plant Breed 1 1 1 ; 99- 105 
Nakamura T. Hayakawa K. Yamamori M. Noda K. Hidaka 
S ( 1994) Size variation of W.v genes in wheat mutants lacking \* " 
protein (in Japanesei. Jpn J Breed 44)Suppl I): 259 
Okagaki RJ, Wessler SR (19S3i Comparison of non-mutant an*: 
mutant waxy genes in rice and maize. Genetics 120: 1 137-1 u" 
Preiss J (1991) Biology and molecular biology of starch svniheN.. 
and its regulation. In: Miflin BJ (ed) Oxford surveys of plan: 
molecular and cell bioloev. vol 7. Oxford University Pre^ 
Oxford, pp 59-114 
Sano Y (1984) Differential regulation of ua.wgene expression in rut 

endosperm. Theor Appl Genet 68:467-473 
Sears ER (1972) The nature of mutation in hexaploid wheat. Svmp 

Biol Hung 12:73-82 * 
Shannon JC Garwood DL f 1 984) Genetics and phvsiologv of starch 
development. In: Whistler RL. BeMiller JN. Paschali EF led- 
Starch: chemistry and technology. 2nd edn. Academic Pre** 
Orlands. pp 25-86 
Shimada H. Tada Y. Kawasaki T. Fujimura T (1993) Antiscn*.- 
regulation of the rice waxy gene expression using a PCR-ampi 
lied fragment of the rice genome reduces the arm lose content .: 
grain starch. Theor Appl Genet 86: 665-672 
Smith AM. Martin C 11993) Starch biosynthesis and the potently 
for its manipulation, (n: Gnerson D led) Biosynthesis and mamp 
ulation of plant products. Plant biotechnology, vol 3. Black u 
Academic and Professional. Glasgow, pp 1-54 
Vasil V. Castillo AM. Fromm ME. Vasil IK U992i Herbicide rel- 
iant fertile transgenic *heat plants obtained by microprojecnU* 
bombardment of regenerate embrvoeenic callus. Bio Techno- 
log> 10:667-675 
Visser RGF. Jacobsen E (1993) Toward modifying plants for altered 

starch content and composition. Trends Biotech 1 1 : 63-68 
Visser R FG. Somhort I. Kuipers GJ. Ru\s NJ. Feenstra WJ. Jacob- 
sen E 1 1991) Inhibition of the expression of the gene for granule- 
bound starch synthase in potato bv a ntisense constructs. Mo- 
Gel Genei 225 :298-296 
Vos-Scheperkeuter GH. de Boer W. Visser RGF. Feenstra *J 
Witholt B 1 19X6) Identification of granule-bound starch syntha* 
in potato tubers. Plant Physiol X2:4I 1-416 



University of Idaho, Moscow, ID 

Library of Congress Catalog Card Number: 88-71636 
S~l Standard BooK Number: 0-913^0-65-1 (Vol. I) 

©1964, 1971, 1988 by the American Association of Cereal Chemists, Inc. 
Published 1964, Third Edition, 1988 

All rights reserved. . 

No part of this book may be reproduced in any form 

by photocopy, microfilm, retrieval system, or any other means 

without written permission from the publisher. 

Copyright is not claimed in any portion of workWitten by United States 
Government employees as a part of their off.c.al dut.es. 

exclusion of others that may be suitable. 

Printed in the United States of America 

American Association of Cereal Chemists 

3340 Pilot Knob Road 

St. Paul, Minnesota 55121, USA 




% PROTEIN IN WHEAT 
it ro w 



I 



cn 
1 



< 

5. 

o 
c 



o 
c 



00 



8 



"D 5 o 
R 8 I 



TJ -t CO 2 

S — *3J » 

9- ° • 3" 

°- s*" -fl 

w ® c 



X 

m 



II > 

5- x 

5. 5 

CO O 

oq m 

" «> 

IT CO 



2 
o 



CO 



z 

8 

lift 

5 ti 

CD S* _ 

- p m — - 

CO 



O £ 

8 8 



m 

§ 

3 



o 
c 

3D 



X 

CO 



(D 




£5 w 



o 

73 
ro 



00 O 

P 



o 

<1 ro 
<: « 
p 



* 3* 

3- p 
ro Cl vo 



5. 



1 OQ 



rD 

- 2 

o € 

§ ^fr 



in P 



I 8 

t~7" S3 — IV v v 

S o ff3S 3 



So e 1 



O O 73 P 
•~h •-»» *n 73 
^ m O »o 
3^ « x 

3 



'ago 

ft) O 3 
CL 



a- o 

« CO 



CO 

p p 
cl 5- *** 

d 2 p 



. CP 

~ Cl 

S 3" 



3 ^ 



c p ■ - 

o 
' 3* 



, oo 

— o 



p s 

CD co 
CO (0 



OO 3 P 

rr m 



OQ 
ro 



Cl 
P p 



? 3 r. p ^ 



3* 

ro 

C CD 
CT to 



OO 3 

8^ 



a. 



a 
o 

3*. co * * P 

s " cr a. 

OQ 3 ^ « 



o O o ^ 
ca co O 

§ s s & 

r* cn 5 CO 

SSB.g- 
3 £i < 60 

P P 

ff.< • c 

O 73 rfl C 

ST fO 

3 5* 5" ^ 



o O 

CO 3 

p 

i-i p 

£5 ^ 
3-5- 

3 

"is, 

3 t 

eg 

P rX- 

^ o 

OQ C 

ro CT 
3 P 



o 
o 

3 

«-»■ 

3* 

CO 

re 

§. 

o 
o 

3 

3 
o 

3 

•t 
O 

o. 
d 

o 



co co 3 

c <L p o 

- c+ O 

cr a* 



§ « qr ti p *» i« 

3 « a ST ^ 1 



p 

N 

CO O 

Cl 



3 § 
« 5. o R 



«P 3 3 £- 



P 



O • 

8 5' 

co 

"I 
s S 

8 I 
"3 § 
3 « 

Cu CO* 

3 — 

r* CO 

CO yj 

CD CO 
P T3 

&5. 

sr R 
5 5' 

co 3 



*-»■ 3* co 
3* g n> 

<T> 



3* co 

p 

73 3 
p c d ? 

* 3 CJ" P ro 
' o ro 5? P 
rp p. ^ , p. 

O co - 

-S-S-'o 

to 5 g c 

I3H 



ro i 

ct. g • c r> 
a p o 

ro « 8 O 

Cl 55 



P 
3 
Cl 



3 » 

^ Q ^ p 

ro -5 ro fl 

3* U> P co 

3 w v» 



* 18 

ro ro ro 
p P P 



^,cr ^. 

0 ^ 3 

1 s s 

cl ^ S 

ro o g. 

6! S C 

a S ft 
w g-<. 

**' s, s 

•a ? 

3 s s 
o. a 

>3 3. 

3 t " 

2 5S" 
to 3 H 

_ CO 

C.73 

w 3 s 
« S2. 3 

2 °> s 
S si» ^ 

Cl o v< 
C i * 

Sfl o 

w rt 3 

73 S a 

5 to o 
£.3 

7 c cr 

ro " 
Cl O" 



co 



P 



ro 
P 
Cl 



s 

ES- 



3- 
3 
O 

I 



16/ Wheat: Chemistry and Technology 



combination, for many varied breads. 

Descriptive data such as break flour yields, alkaline water retention, 
absorption, and mixograph characteristics are used to describe both soft white 
wheat and soft red wheat, and these two types of wheat are used for many of the 
same purposes. In discussing wheat quality, it is best to first look at the different 
kinds or types of wheat. 

II. BOTANICAL CHARACTERISTICS 
THAT DETERMINE WHEAT QUALITY 

A. Species 

Three significant species of wheat are grown in North America: Triticum 
aestivum L., to which most common varieties belong; T. compactum Host, to 
which the club wheats belong; and T. durum Desf., to which the durum wheats 
belong. The grain of these three species differs considerably in quality 
characteristics, and the differences are reflected in the uses made of the milled 
products. 

The classes hard red winter, hard red spring, soft red winter, and soft and hard 
white belong in the species T, aestivum. The class of white wheat has subclasses 
in two species, soft and hard white winter in T. aestivum and club wheat in 
T. compactum. The classes durum and red durum wheat belong in the species 
T. durum. 

A wide range of wheat quality characteristics is available in T, aestivum (in 
fact, the complete range of quality available from U.S. wheat), with the 
exception of club and durum wheats. Kernel hardness and protein content vary 
widely within this species. Common wheat may be of either winter or spring 
growing habit and may have either red or white kernels. An outstanding 
characteristic of this species, from the standpoint of economic value, is that its 
flour is superior to that of all other species for the production of leavened bread. 
Although most common wheat is used for bread flour production, varieties have 
also been developed that are particularly suited to the production of cake, 
cookie, biscuit, cracker, and pastry flours. Climatic and soil conditions also have 
a marked influence on the suitability of common wheat for specific types of 
flour. 

Club wheat (T. compactum) accounts for a minor portion of the U.S. wheat 
crop and is produced principally in Washington, Oregon, Idaho, and California. 
Very little club wheat is produced in Canada. Both winter and spring varieties 
are grown. Although there are varieties of club wheat with red kernels, 
commercial production in the United States is confined to the white varieties. 
The kernels have a soft texture and low protein content. Club wheat is not well 
suited for bread flour but is excellent for certain types of cake and pastry flours, 
where low protein content and weaker glutens are desired. 

Durum wheat (T. durum) is produced mainly in the north central United 
States (especially North Dakota) and the southwestern United States, in 
Saskatchewan in Canada, and in the adjoining states and provinces. Durum 
wheat has a spring growing habit. Varieties with red kernels are grown to a very 
limited extent for feed purposes, but the principal production is of the amber 
(white) varieties. The kernels are generally very hard in texture and rather high in 
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protein content. Most of the <Turum wheat crop is used for the production of 
semolina or durum flour for pasta products because the qualities of durum 
gluten make it particularly desirable for this use but rather less suitable for 
breadmaking. 

B. Varieties 

A further step in the biological classification of wheat is the variety. New 
varieties are usually bred with a specific purpose in mind, such as disease 
resistance, yield performance, or a set of quality characteristics. Even within a 
variety, some quality characteristics may vary widely because of environmental 
effects. 

Varieties in T. aestivum range in quality characteristics from varieties suitable 
for the production of high-gluten flour on one end to those suitable for angel 
food cake flour on the other end. The low-protein wheats of T. compactum 
varieties are used primarily in cake and cookie production, and T. durum 
varieties provide a substantial portion of the wheat used to produce flour or 
semolina for pasta. Varietal differences in grain quality are great among the 
common wheats, less so among the durum wheats, and relatively small among 
the club wheats. 

In recent years, increasing emphasis has been placed on the quality of grain for 
processing, specifically the milling quality and the baking or (in the case of 
durum wheat) pasta-making quality. Wheat varieties that produce grain of 
inferior processing value are being eliminated as rapidly as possible. The 
production of such varieties usually stops as soon as varieties with equally 
satisfactory agronomic properties and superior processing quality become 
available. About 200 recognized varieties of wheat are produced commercially 
in the United States, although about 50 varieties make up the bulk of the crop 
(USDA-FGIS, 1984). 

Although variety is an important factor influencing wheat quality, wheat is 
seldom marketed on the basis of individual variety. It is common practice to 
segregate wheat as it comes to the market according to class, each class 
consisting of a group of varieties with somewhat similar characteristics and 
generally suited for similar purposes. 

III. PHYSICAL CHARACTERISTICS 
THAT DETERMINE WHEAT QUALITY 

As stated previously, wheat quality has a different meaning or definition for 
each intended use of the grain. Good-quality wheat for making breads and 
specialty rolls must have a strong, extensible gluten, whereas good-quality wheat 
for baking cakes or cookies has only minimal gluten. It is highly unlikely that 
any one wheat could satisfy both needs. Thus, physical tests and observations of 
wheat actually describe some of its characteristics rather than evaluate its 
quality. 

In the process of marketing, wheat is often assigned a numerical grade, which 
depends on the results of certain tests. These tests include test weight, percent of 
damaged kernels, and the presence of material other than the predominant grain 
(foreign material, dockage, etc.). 
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